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Tailored Adsorption of His 6 -tagged Protein onto Nickel(II) Cyclam Grafted Mesoporous Silica
Stepwise synthesis of functionalized SBA-15
Synthesis procedure was adapted from previously published protocols 1-3 .
Step 1: SBA-15 (350 mg), which was oven-dried at 120 ºC overnight, was gently stirred and refluxed with 3-iodopropyl trimethoxysilane (80.5 mg, 0.277 mmol, 118 µL) in 20 mL dry toluene for 12 h under a dry, N 2 atmosphere to prevent hydrolysis of the methoxy functional groups and in the dark to prevent the degradation of the iodo functionality.
Step 2: After 12h of reflux the silicate turned a dark green colour, indicative of the iodo-group on the silicate surface. It was essential that the silicate be kept in dark conditions to retain the iodo-group required for the next step. The toluene was removed and the silicate washed in MeCN (3 x 20 mL) several times. Cyclam (56 mg, 0.277 mmol, 1 eq.) and potassium carbonate (170 mg, 1.227 mmol, 4 eq.) was added and the mixture was refluxed in MeCN (20 mL) for a further 24 h.
Step 3: The silicate was then filtered off to remove any remaining MeCN and washed with H 2 O (3 x 20 mL) to remove unreacted potassium carbonate and starting materials. This silicate was then left to air-dry at ambient temperatures overnight.
Step 
Preparation of His 6 -tagged Spi
His 6 -Spi was purified as previously reported 4 . E. coli DH5α containing the cloned spi gene was grown at 37ºC until OD 600 0.6 was reached. Expression of His 6 -Spi was induced by the addition of IPTG to a final concentration of 0.1 mM. His-tagged Spi was purified from the cell lysate by affinity chromatography on chelating resin (GE Healthcare) charged with nickel. His 6 -Spi was eluted from the resin using a gradient of imidazole (20 -500 mM). Peak fractions were pooled and dialyzed against phosphate buffer, pH 7.3. His 6 -Spi was further purified by ion exchange chromatography on Q sepharose FF (GE Healthcare) using a NaCl gradient 0 M -1 M in 10 mM glycine pH 9.0 and dialyzed against 25 mM TRIS-HCl buffer pH7.4.
To generate the non-His 6 tagged protein, the His 6 tag was cleaved off the protein using TEV protease. His 6 -Spi was dialyzed against buffer containing 50 mM TRIS-HCl pH8 and 0.5 mM EDTA. To this solution DL-Dithiothreitol (DTT) to a final concentration of 2 mM and TEV protease with a ratio of 40 units/mg protein were added. After cleavage, the protein solution was dialyzed against PBS 500 buffer and Spi was purified from the reaction mixture by affinity chromatography on chelating resin (GE Healthcare) charged with nickel. Peak fractions were collected and dialyzed against 25 mM TRIS buffer.
Enzyme Immobilisation
SBA-15 and SBA-15-Ni-cyclam (final conc. 5 mg/ml) were exposed to solutions of 
Leaching experiments
After removing and testing the supernatant for protein concentration, the mesoporous silica pellet was re-dispersed in buffer (25 mM, phosphate buffer, pH 7.4) and vigorously shaken for 1 minute. The sample was centrifuged and the supernatant tested for protein by UV spectroscopy. This was repeated 3 times. The re-dispersed silicate was then frozen and thawed and the supernatant tested for protein presence.
This was repeated 3 times.
Control experiments
It should be noted that SBA-15 exposed to NiCl 2 and Ni-cyclam showed no colour The results obtained are in good agreement with previous reports that have detailed the decomposition of cyclam 6 and CoCl 2 (cyclam) 7 . 
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